ABSTRACT: Effects of energy, protein, or both energy and protein restriction on gastrointestinal morphological development were investigated in 60 Liuyang Black kids, which were sourced from local farms and weaned at 28 d of age. Weaned kids were randomly assigned to receive 1 of 4 dietary treatments (15 kids per treatment), which consisted of adequate nutrient supply (CON), energy restriction (ER), protein restriction (PR), or energy and protein restriction (EPR). The entire experiment included adaptation period (0 to 6 d), nutritional restriction period (7 to 48 d), and recovery period (49 to 111 d). Three kids from each group were killed at d 48 and 111, and the rumen, duodenum, jejunum, and ileum were harvested. On d 48 (end of nutritional restriction), lengths of the duodenum (P = 0.005), jejunum (P = 0.003), and ileum (P = 0.003), and weights of the rumen (P = 0.004), duodenum (P = 0.006), jejunum (P = 0.006), and ileum (P = 0.004) of kids in ER, PR, and EPR were less than those of kids in CON. Compared with CON, PR decreased papillae width (P = 0.03) and surface area (P = 0.05) of the rumen epithelium, villus surface area (P = 0.05), and N concentration (P = 0.02) of the jejunum mucosa on d 48. Compared with CON, EPR decreased papillae height (P = 0.001), width (P = 0.001), and surface area (P = 0.003), N concentration (P = 0.01), and the ratio of N to DNA (P = 0.03) of the rumen epithelium. Compared with CON, EPR also decreased villus height (P = 0.01), width (P = 0.006), and surface area (P = 0.006), N concentration (P < 0.001), and the ratio of N to DNA (P < 0.001) of the jejunum mucosa on d 48. On d 111 (end of nutritional recovery), lengths of the duodenum (P = 0.001), jejunum (P = 0.001), and ileum (P = 0.001), weights of the rumen (P < 0.001), duodenum (P = 0.001), jejunum (P < 0.001), and ileum (P < 0.001) of kids in ER, PR, and EPR were still less than those of kids in CON; N concentrations of rumen epithelium of kids in PR (P = 0.01) and EPR (P = 0.001), and the ratio of N to DNA of jejunum mucosa of kids in EPR (P < 0.001) were greater than those of kids in CON. Results indicate that nutritional restriction of 6 wk can retard gastrointestinal morphological development for kids weaned at 28 d of age and retarded development remains evident, even after nutritional recovery of 9 wk.
INTRODUCTION
Malnutrition during critical periods of animal development may have long-term programming effects on later growth and health, as supported by evidence from epidemiological studies, clinical intervention trials, and numerous animal models (Petry et al., 2001; Fukuda et al., 2002; Aguilera et al., 2003) . After birth, Effects of energy and protein restriction, followed by nutritional recovery on morphological development of the gastrointestinal tract of weaned kids 1 growth and functional development of the gastrointestinal tract (GIT) proceeds at a greater rate when compared with other tissues and organs of the body, which is essential for optimal somatic growth and survival (Ebner et al., 1994) . Therefore, an adequate plane of nutrition during the early growth period is essential for GIT development.
The influence of nutrition on GIT development during the early period of growth is more significant because GIT of ruminants accounts for a greater proportion of BW compared with monogastric animals. Previous studies have reported that nutritional restriction, such as energy and protein, delays GIT development (Sainz and Bentley, 1997; McLeod and Baldwin, 2000; Shen et al., 2004) . Compensatory growth, defined as a phase of accelerated growth when favorable conditions are restored after a period of growth depression, has been reported in previous studies (Fabian et al., 2004; Heyer and Lebret, 2007) . The accelerated growth may result in full or partial compensation for body or tissue size, thereby offsetting costs arising from the initial period of growth restriction, although both empirical studies and theory indicate that the magnitude of the response will depend on the timing and severity of the period of growth restriction (Yearsley et al., 2004; Mangel and Munch, 2005) . It is hypothesized that GIT development can be negatively affected by energy and protein restriction for early-weaned kids and there is compensatory growth for GIT after nutritional recovery. The objective of this study was to determine effects of energy, protein, or both energy and protein restriction followed by nutritional recovery on morphological development of rumen and small intestines in kids weaned at 28 d of age.
METHODS AND MATERIALS

Animal Use and Care
Use of the animals and experimental protocol were conducted according to the Animal Care and Use Guidelines of Institute of Subtropical Agriculture, the Chinese Academy of Sciences, Changsha.
Experimental Diets and Design
Sixty Liuyang Black kids were obtained from 50 nannies from local breeders, with all offspring being born within a 2-d period. After birth, kids were maintained with dams for a period of 4 wk and then weaned. Weaned kids were individually housed in stainless steel metabolism stanchions located within an animal facility with ambient temperature controlled constantly at 21°C.
Weaned kids were randomly assigned to receive 1 of 4 dietary treatments (15 kids per treatment) according to the principles of similar average BW for each group and twins being distributed into different groups. The 4 dietary treatments consisted of control (CON, dried ryegrass hay + starter diet), energy restriction (ER, dried ryegrass hay + 40% reduction of energy in starter diet), protein restriction (PR, dried ryegrass hay + 40% reduction of protein in starter diet), and protein and energy restriction (EPR, dried ryegrass hay + 40% reduction of both protein and energy in starter diet).
The experimental period lasted for 112 d, including adaptation (d 0 to 6), nutritional restriction (d 7 to 48), and nutritional recovery (d 49 to 111) periods. During the adaptation period, weaned kids were allowed to adapt to the CON diet and environment. During the nutritional restriction period, CON, ER, PR, and EPR diets were offered to the 4 groups of weaned kids, respectively. The CON diet was formulated to meet 1.4 times the maintenance requirement for metabolic energy, according to Lu et al. (1996) . Ingredients and composition of the 4 experimental diets are presented in Table  1 . The CP content and calculated ME of dried ryegrass hay were 14% and 8.04 MJ/kg, respectively. During the nutritional recovery period, the diet for all experimental animals was change; ryegrass was replaced with maize stover (CP: 5.50%; ME: 5.80 MJ/kg) and starter diets were replaced with concentrate, to meet 1.3 times the maintenance requirement for metabolic energy, according to Lu et al. (1996) . Ingredients and composition of diet for nutritional recovery are also presented in Table  1 . During both nutritional restriction and recovery periods, the same amount of the diet (ryegrass mixed with the starter diet and maize stover mixed with concentrate) was offered daily to each kid. The ratio of starter diets to ryegrass hay and concentrate to maize stover was 40:60, DM basis. The diet was divided daily into 2 equal portions and fed to kids at 0700 h and 1900 h, respectively. All kids had ad libitum access to fresh water.
Measurements and Sampling
During the nutritional restriction and recovery periods, the amount of feed offered and orts collected before daily delivery of feed were recorded to calculate feed intake. Kids were weighed on d 7, 48, and 111, before daily delivery of feed; weights were used to calculate BW gain (BWG) during the nutritional restriction and recovery periods.
On d 48 (end of nutritional restriction) and 111 (end of nutritional recovery), 3 kids with similar BW from each group were anaesthetized with an intravenous injection of sodium pentobarbital (50 mg/kg BW) and exsanguinated via severing the carotid artery and jugular vein. The abdominal cavity was opened and the viscera were removed. A liver sample (~2 g), at the top right leaf, was collected and immediately placed into liquid N. The rumen was separated by inverting the reticulorumen and opened along the reticulo-ruminal fold. After removing digestive contents, the rumen was rinsed with cold saline and weighed. The small intestines were separated from the mesentery, rinsed with cold saline, and weighed. The lengths of the duodenum, jejunum, and ileum were measured by looping the intestine across a stationary board fitted with a row of plastic pegs at 1-cm intervals at natural tension of the tissue. The whole rumen epithelium was isolated by a blunt dissection and weighed. One meter jejunum (end to the jejunoileal junction) and 1 m ileum (end to the ileocecal junction) were cut and weighed. Then, the intestinal canal was opened along its longitudinal axis and the mucosa tissue was harvested by scraping tissue with a glass slide and weighed. Samples of the rumen epithelium and jejunum mucosa were placed in liquid N and stored at -80°C for RNA, DNA, and N analysis. For morphological analysis, a rumen epithelium sample (~4 cm 2 size) from the ruminal ventral and a jejunum mucosa sample (~4 cm 2 size) from the midpoint of the jejunum were taken and placed in 4% formalin solution.
Chemical Analysis
Samples of the diets and orts were analyzed for DM and Kjeldahl N content (CP), calcium, and phosphorus (AOAC, 1990) . Frozen samples of the liver and jejunum mucosa (~1 g) were homogenized in 0.9% NaCl (9 mL) with a polytron (Brinkmann Instruments Inc., Westbury, NY), centrifuged at 3,000 × g for 20 min at 4°C, and supernatant was collected for analysis of IGF-I. The supernatant was extracted using the procedure of Swanson et al. (1999) to remove IGF-I binding proteins and then IGF-I concentration was determined, using RIA kits for goats (Shanghai Biological Products Research Institute, China) in a γ-radioimmunocounter (USTC Chuangxin Co., Ltd., Zonksa, Branch, Hefei, China). The intra-assay and interassay CV for IGF-I assay were 4.6% and 8.9%, respectively.
Morphology of the rumen and jejunum tissue samples was analyzed, according to the method described by Wang et al. (2009) . Samples were rinsed with water, dehydrated in a series of gradient absolute ethanol (50%, 70%, 80%, 90%, and 100%), cleared with benzene twice, and saturated with and embedded in paraffin. The material was sectioned with an automatic microtome at 7 μm thickness (10 slices per sample), dried, and stained with haematoxylin/eosin. The sliced sample was visioned under a light microscope (Axiolab, Carl Zeiss Jena, Germany) at 50 × magnification. Digital images of the vision were taken using a color video camera (Sony 3 charge-coupled device, Tokyo, Japan) for measurements of length and width of the papilla, height of the jejunum villus, and crypt depth, using image analysis computer software (Intronic GmbH, Berlin, Germany). The area of the papillae was determined as height × width and area of the villus was calculated as height × (upside width + underside width)/2.
Diphenylamine and orcinol procedures were used to analyze for DNA and RNA abundance, respectively (Swanson et al., 1999; Scheaffer et al., 2004) . True protein concentration was determined by using the proce- Lowry et al. (1951) , with BSA as the standard and expressed as milligrams N per gram. Total DNA, RNA, and protein contents were calculated by multiplying their abundance in tissue with the fresh tissue weight. The amount and content of DNA were used as an index of tissue hyperplasia (change in cell number), and RNA:DNA and protein:DNA ratios were used as indexes of tissue hypertrophy (change in cell size; Baserga, 1985; Swanson et al., 1999) . The frozen liver and jejunum mucosa samples (0.5 g) were homogenized in 5 mL TRIzol reagent (Invitrogen, Carlsbad, CA) and total RNA was isolated, according to manufacturer recommendations. The RNA integrity and abundance were analyzed, using the Agilent 2100 Bioanalyzer and RNA 6000 Nano LabChip kit (Agilent Technologies, Palo Alto, CA). Total RNA in the sample was reversely transcribed into cDNA by AMV First Strand cDNA Synthesis Kit (Bio Basic Canada Inc., Markham, Canada). Real-time PCR (RT-PCR) technology was used to determine mRNA abundance of IGF-I gene. The IGF-I gene sequence (961-bp, GenBank accession number: D11378) and glyceraldehyde-3-phosphate dehydrogenase (GAPDH, endogenous and stable reference gene, Murthi et al., 2008) gene sequence (570-bp, the endogenous control, GenBank accession number: AJ431207.1) were searched from GenBank (www. ncbi.nlm.nih.gov). The primer sequences for IGF-I gene were 5'-GCAGT CTTCC AACCC AAT-3' (forward) and 5'-TGCGA GGAGG ATGTG ACT3' (reverse), and the primers for GAPDH gene were 5'-GGGTC ATCAT CTCTG CACCT-3' (forward) and 5'-GGTCA TAAGT CCCTC CACGA-3' (reverse). All primers were synthesized by Shanghai Sangon Biological Engineering Technology & Service Co. Ltd (Shanghai, China). The lengths of PCR products of IGF-I and GAPDH were 82 bp and 176 bp, respectively. The RT-PCR analysis was performed using the SYBR Green method and ABI 7900 Sequence Detection System (Applied Biosystems, Foster City, CA), according to manufacturer recommendations. Relative quantification of the target gene expression was calculated from the calibration curve and normalized against the expression of GAPDH gene. Relative quantification of the target gene expression was calculated from the calibration curve and normalized against the expression of GAPDH gene, using the 2 -ΔΔCt method (Livak and Schmittgen, 2001 ).
Calculation and Statistical Analysis
Percentages of the rumen epithelium, jejunal mucosa, or ileal mucosa weights to the total tissue weight of rumen, jejunum, or ileum were calculated. Statistical analysis of the data was performed using the General Linear Models (SAS Inst. Inc., Cary, NC). This model was used for the data analysis:
where Y i is the dependent variable, μ is the overall mean, T i is the fixed effect of treatment (CON, ER, PR, and EPR), and e i is the random residual error. Results are reported as least squares means and pooled SEM values, and statistical significance was declared at P < 0.05.
RESULTS
There were no differences in intakes of the starter diet (P = 0.40) and ryegrass hay (P = 0.36) during the nutritional restriction period among the 4 groups (Table  2) , as this was the design of the study. When compared with CON, intakes of CP were 23% and 24% less in PR and EPR kids, and intakes of ME were 20% and 26% less in ER and EPR kids, respectively. The similar intakes of ryegrass among the 4 groups reduced the magnitude of protein and energy restriction, in comparison with the 40% reduction of energy and protein in the designed ER, PR, and EPR starter diets.
During the nutritional recovery period, there were no differences (P = 0.15) in intakes of CP and ME among the 4 groups. There were no differences (P = 0.60) in the initial BW of the 4 groups. The BWG of kids in PR, ER, and EPR during the nutritional restriction and recovery periods were less (P < 0.001) than that of kids in CON. a-c Means in the same row not bearing a common superscript letter differ (P < 0.05).
The impact of PR, ER, or EPR for 6 wk on length and weight of GIT in kids is presented in Table 3 . On d 48, lengths of the duodenum (P = 0.005), jejunum (P = 0.003), and ileum (P = 0.003), and weights of the duodenum (P = 0.006), jejunum (P = 0.006), ileum (P = 0.004), and rumen (P = 0.004) of kids in ER, PR, and EPR were less than those of kids in CON. After the nutritional recovery of 9 wk, lengths of the duodenum (P = 0.001), jejunum (P = 0.001), and ileum (P = 0.001), and weights of the duodenum (P = 0.001), jejunum (P < 0.001), ileum (P < 0.001), and rumen (P < 0.001) of kids in ER, PR, and EPR remained less than those of kids in CON.
On d 48, percentages of the rumen epithelium (P < 0.001), jejunum mucosa (P = 0.005), and ileum mucosa (P < 0.001) weights to the total tissue weights of the rumen, jejunum, and ileum of kids in EPR were less than those of kids in CON (Table 4) . Compared with CON, PR decreased (P = 0.009) the percentage of rumen epithelium weight to the total tissue weight of the rumen of kids on d 48. Percentages of rumen epithelium (P < 0.001), jejunal mucosa (P = 0.005), and ileal mucosa (P = 0.001) in relation to total tissue weight of the rumen, jejunum, and ileum of kids in EPR remained less than those of kids in CON on d 111.
The effects of PR, ER, or EPR for 6 wk on morphological index of the rumen epithelium and jejunum mucosa of kids are presented in Table 5 . On d 48, papillae height (P = 0.004), width (P = 0.001), and surface area (P = 0.003) of the rumen epithelium, and villus height (P = 0.01), width (P = 0.006), and surface area (P = 0.006) of the jejunum mucosa of kids in EPR were less than those of kids in CON. Compared with CON, PR decreased papillae width (P = 0.03) area (P = 0.05) of rumen epithelium, and villus surface area of jejunum mucosa (P = 0.05) of kids on d 48. After the nutritional recovery of 9 wk, the jejunal villus surface area of kids in EPR remained less (P = 0.05) than that of kids in CON.
The effects of PR, ER, or EPR for 6 wk on concentrations of N, DNA, and RNA of the rumen and jejunum mucosa of kids are presented in Table 6 . On d 48, N concentration (P = 0.01) and the N:DNA ratio (P = 0.03) of rumen epithelium, and N concentration (P < 0.001) and N:DNA ratio (P < 0.001) of jejunum mucosa of kids in EPR were less than those of kids in CON. Kids in PR also had less (P = 0.02) N concentration of jejunum mucosa when compared with CON kids. There were no differences in the abundance of DNA (P = 0.99 and 0.20), RNA (P = 0.15 and 0.09), and ratio of RNA to DNA (P = 0.18 and 0.12) of rumen epithelium and jejunum mucosa of kids among the 4 groups. After nutritional recovery of 9 wk, N concentrations of rumen epithelium of kids in PR (P = 0.01) and EPR (P = 0.001), and the ratio of N to DNA of kids in EPR (P < 0.001) were greater than those of kids in CON.
When compared with CON, EPR kids had less (P = 0.04) IGF-I concentration in the liver on d 48 (Table  7) . There were no differences in IGF-1 concentrations of the liver on d 111 (P = 0.15) or jejunum mucosa on d 48 (P = 0.07) and 111 (P = 0.19) among the 4 groups. There Table 4 . Impacts of energy, protein, and energy and protein restriction on percentages of the rumen epithelium, jejunum mucosa, and ileum mucosa weight to total tissue weight of the rumen, jejunum, and ileum of Liuyang Black kids when restricted for a period of 6 wk (%) were also no differences in abundances of IGF-1 mRNA of the liver on d 48 (P = 0.21) and 111 (P = 0.32), and jejunum mucosa on d 48 (P = 0.09) and 111 (P = 0.16) among the 4 groups.
DISCUSSION
Morphological Changes of GIT
Results from this study indicated that protein, or energy, or both protein and energy restriction for 6 wk substantially reduced weights of the rumen and small intestine, and lengths of small intestine of weaned kids. The detrimental effects remained over the 9-wk period when kids were supplied with an adequate plane of nutrition. Previous studies demonstrated similar results. In ruminants, digestive tract tissues are affected by changes in ME intake (Johnson et al., 1990; McLeod and Baldwin, 2000) , protein intake (Baldwin, 1999; Wester et al., 1995) , and nutrient restriction (Johnson et al., 1990; Sainz and Bentley, 1997) , as well as dietary energy density (Sainz and Bentley, 1997; McLeod and Baldwin, 2000) . Hatch et al. (1979) reported that weight of the small intestine of rats was decreased by the deficiency of protein and energy. The intestinal weight of early postmortem rats fed a diet restricted by 40% caloric content was less than that of rats fed a normal diet (Yeh, 1983) . Intrauterine growth restriction decreased small intestine growth of newborn pigs (Wang et al., 2005; D'Inca et al., 2010) . After birth, GIT morphology changes at a greater rate than the rest of the body in ruminants. This demands an adequate supply of nutrients. For example, ruminal papillae height at birth and 3 and 6 wk of age were ~1, 1.3, and 3.3 mm, respectively, and reached 4.5 mm at 14 wk of age (Mgasa et al., 1994) . This rapid GIT development in ruminants after birth, as indicated by weight changes, demands a prioritized nutritional supply. The increased metabolic rate of GIT is another factor for greater nutrient support. The GIT represents only 5 to 7% of body mass, yet consumes roughly l5 to 20% of whole-body oxygen (Edelstone, 1981) . Therefore, development of GIT is very sensitive to dietary nutrition during the early Table 6 . Impacts of energy, protein, and energy and protein restriction on N, DNA, and RNA, and ratios of N to DNA and RNA to DNA of the gastrointestinal epithelium of Liuyang Black kids when restricted for a period of 6 wk Results from this study indicated that retardation of GIT development, which resulted from nutritional restriction for 6 wk, continued during the nutritional recovery of 9 wk. The incremental magnitudes of average live weights of kids in CON, ER, PR, and EPR, based on weights at d 48, were 92%, 76%, 72%, and 61%, respectively. Therefore, BW gains of kids in nutritionalrestriction groups were still slower than those of kids in CON during the nutritional recovery of 9 wk. Similarly, weights of the rumen and small intestines, and lengths of small intestines were less than those of kids in CON by the end of nutritional recovery. These results suggest that the detrimental effects of malnutrition on the growth of kids remained at least for 6 wk. This continued retardation of whole body growth was due to the reduced mass of GIT, which could not support full recovery of body development. The nutritional recovery period lasted for 9 wk in this study, which did not allow us to determine whether the detrimental effect of nutritional restriction lasts for a shorter term or proceeds for a longer term.
It should be noted that ADG of rumen and small intestine of kids in CON, ER, PR, and EPR were 1.57, 2.19, 1.71 and 1.92 g/d, respectively, indicating that after the kids in inadequate nutritional status received adequate nutrient supply of 9 wk, their GIT developed more rapidly than that of kids always under adequate nutritional status. The results also suggest that during compensatory growth after nutritional restriction, there is a differentiation in growth between GIT tissues and the rest of the body.
Results in the present study indicated that protein and energy restriction for 6 wk reduced morphological development of the rumen epithelium and jejunum mucosa, and the detrimental impact was not completely eliminated by nutritional recovery of 9 wk. Protein and energy are the key factors for growth of rumen papillae and jejunum villus, and deficiency of protein or energy in early life may inhibit growth of these tissues (Gu and Li, 2004; Shen et al., 2004) . Gu and Li (2004) reported that there was a linear relationship between dietary CP intake and villus height, and crypt depth of proximal jejunum and distal jejunum. A quadratic relationship was also found between dietary CP intake and villus length of the duodenum and distal jejunum in weaned pigs (Gu and Li, 2004) . Provision of adequate protein and energy may promote growth of rumen tissues (Stobo et al., 1966; Lane et al., 2000) . Nunez et al. (1996) observed that protein deficiency could depress villus growth. Length, width, and surface area of papillae of goats fed 1,200 kJ ME/kg 0.75 · d −1 were greater than those of goats fed 500 kJ ME/kg 0.75 · d −1 (Shen et al., 2004) .
The IGF-I Concentration and IGF-I mRNA in Tissues
In this study, only EPR decreased IGF-I concentration in the liver; IGF-I mRNA in the liver and jejunum mucosa was not affected by ER, PR, or EPR treatment. The results suggested that only severe nutritional restriction of both energy and protein reduced IGF-1 concentration in the tissues. Insulin-like growth factor I is a growth-promoting hormone that regulates the proliferation of many cell types (Lowe, 1991) , including intestinal epithelial cells (MacDonald, 1999) . Previous studies provided evidence that IGF-I stimulated the growth of rumen epithelial cells in vitro (Baldwin, 1999 ). Both energy (Thissen et al., 1994) and protein (Thorp et al., 2000) intakes have marked effects on plasma IGF-I concentration and IGF-I mRNA abundance in sheep (Pell et al., 1993; Hua et al., 1995) , heifers (Nosbush et al., 1996) , beef steers (Thorp et al., 2000) , bulls (Renaville et al., 2000) , and calves (Smith et al., 2002) . Feed intake and nutritional status are considered to be the main factors affecting IGF-I status in mammals (Thissen et al., 1994; Ketelslegers et al., 1995) . Shen et al. (2004) reported that plasma IGF-I concentration of young goats fed 1,200 kJ ME/kg 0.75 · d −1 was about twofold greater than that of goats fed 500 kJ ME/kg 0.75 ·d −1 , and had greater expression of IGF-I receptor in the rumen epithelium. In this study, responses of IGF-I to energy and protein restriction in the liver and jejunum mucosa of kids were incompletely in agreement with previous findings of plasma IGF-I caused by energy and protein restriction in sheep, heifers, steers, bulls, or calves. It might be attributed to the different extents of energy and protein restriction, because actual intakes of CP and ME were less than the expected 40% reduction of energy and protein in ER, PR, and EPR starter diets, compared with CON starter diet.
DNA, RNA, and Protein in Tissues
Results of this study indicated that energy, protein, or both energy and protein restriction did not affect the amounts/abundances of DNA and RNA in the rumen epithelium and jejunum mucosa. However, substantial changes in protein concentrations in response to nutritional restriction and realimentation were observed. The amount of DNA is usually used as an index for tissue hyperplasia (increase in cell number) and the ratios of RNA to DNA and protein to DNA are used as an index for tissue hypertrophy (increase in cell size; Baserga, 1985; Swanson et al., 1999) . Therefore, changes in ratios of N to DNA or RNA to DNA could indicate that the effects of protein or energy and protein restriction on GIT of weaned kids were largely accompanied by changes in cellular enlargement (hypertrophy) or protein synthetic capacity. However, so far, the characteristic change (hyperplasia or hypertrophy) of GIT development induced by nutrient intake is not definitively determined. A positive relationship between dietary ME intake and rumen hyperplastic growth was reported (Burrin et al., 1992; Baldwin et al., 2004) . McLeod et al. (2007) reported that ME induced increases in rumen mass, which is largely the result of hyperplasia without changes in cellular protein synthetic capacity. In contrast, McLeod and Baldwin (2000) reported that rumen epithelial cells obtained from growing lambs tended to be smaller and had greater protein synthetic capacity, compared with lambs fed to maintain BW. Norouzian et al. (2009) reported that neither DNA content nor cell size of the rumen epithelium of goats were affected by rearing regimes. In a rat model, intestinal weight and total DNA were similarly diminished during protein and energy malnutrition, but DNA and protein contents expressed as per gram of tissue showed no changes (Hatch et al., 1979) .
Conclusion
Dietary energy, protein, or both energy and protein restriction for 6 wk in kids retarded morphological development of rumen and small intestine, resulting from substantial declines in the weights of rumen and small intestine, and protein concentrations in the rumen epithelium and jejunum mucosa. The detrimental effects remained significant after a period of 9 wk at adequate nutrient supply. The rumen and small intestine showed faster differential growth in relevance to the rest of the body during the compensatory growth period, mainly attributed to cellular enlargement (hypertrophy) of the gastrointestinal epithelium.
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